ICES is now asked to provide advice that is more holistic in nature, including information on the influence and effects of human activities on the marine ecosystem. From a fishing-technology perspective, this includes information on how fishers respond and adapt to changes in regulatory frameworks, the impact of technology creep, ecosystem impacts, and changes in fleet dynamics. Recognizing the importance of this, in 2005, the ICES -Food and Agriculture Organization (FAO) Working Group on Fish Technology and Fish Behaviour (WGFTFB) began to collect data and information to support scientific advice on fisheries and ecosystem issues through a questionnaire circulated to its members. The information from the questionnaires was collated by the WGFTFB and submitted in the form of summary documents to various ICES assessment working groups. This paper describes the background to this initiative, the questionnaire structure, the type of information provided, and its utility.
Introduction
ICES is now asked by the governments and international regulatory bodies that manage the North Atlantic Ocean and adjacent seas to provide scientific advice that is more holistic in nature, including information on the influence and effects of human activities on the marine ecosystem (ICES, 2004) . This has been driven by a change within European fishery management from traditional single-species stock-based models towards an ecosystem approach, recognizing that most fisheries involve multiple species and impact on a variety of ecosystem components. The overriding objective is for advice to be based on catch options by species mix rather than on an individual-species basis. Consequently, it is important to have information on the individual fleets exploiting these mixed fisheries, how they interact with each other, and their relative dynamics. In addition, information on how fishers respond to new regulations, changes in fishing technology, and the potential ecosystem impacts caused by such changes are also felt to be important. Gear technologists are in a unique position to provide this information, given their close working relationship with fishers and practical knowledge of fishing gear and its operation.
Within ICES, at an early stage in developing this multispecies, ecosystem-based approach, the Working Group on Fishing Technology and Fish Behaviour (WGFTFB) was identified as having a strong role to play in the provision of such data (ICES, 2004) . The WGFTFB was established in 1983, and in 2002, the Food and Agriculture Organization (FAO) of the United Nations joined ICES as a co-sponsor, giving the working group a global mandate. The directive of the WGFTFB is to review and initiate research into all aspects of the design and testing of fishing gears, including the measurement of gear selectivity (i.e. the catch proportions related to the fish sizes and/or species in the exploited populations), as well as the development of environmentally friendly fishing techniques which have reduced damaging impacts on the seabed and other ecosystem components (ICES, 2003) .
Following discussions with the then ICES Advisory Committee on Fisheries Management (ACFM) and among its own members, the WGFTFB began in 2005 to collect fishery data and information, considered useful in formulating advice on fishery management and related ecosystem issues (ICES, 2005a) . In 2006, WGFTFB was formally requested by the Advisory Committee of ICES (ACOM), which replaced ACFM that year, to provide such information and submit it to the appropriate Assessment Working Groups (AWGs) and to other relevant bodies such as the Working Group on the Ecosystem Effects of Fishing (WGECO). Since then, WGFTFB has provided such information routinely. This paper details the methodology used, the type of information supplied, and the positives and negatives associated with the service. It also advances suggestions on how the process could be improved.
Methodology
In 2005, the WGFTFB adopted a rolling term of reference to "explore the means by which it can best provide appropriate information for Assessment Working Groups, ACOM and other management bodies such as GFCM in fishery and ecosystem-based advice" (GCFM is the General Fisheries Commission for the Mediterranean, which is coordinated by FAO). The types of information identified as being required were: (i) fleet dynamics, including changes in mesh size and/or gear category, shifts between fisheries or geographic areas, and effort reduction through decommissioning;
(ii) technology creep, including measures to improve fuel efficiency;
(iii) technical conservation measures (TCMs), including their voluntary uptake, reactions of fishers to the introduction of new measures, and evidence of circumvention of regulations;
(iv) ecosystem effects, including instances of discarding, bycatch of protected species, ghost fishing, and mitigation of these ecosystem impacts;
(v) development of new fisheries.
In 2006, as a guide to WGFTFB members and to standardize the information, a questionnaire was circulated to WGFTFB members in the EU, Norway, Iceland, the Faroe Islands, and non-EU countries in the Mediterranean. It contained questions relating to recent changes observed within the fleets and related gear/fleet/fishery issues that were considered important but were not necessarily recognized by the AWGs. Where possible, contributors were requested to quantify the information provided and state how it had been derived, e.g. common knowledge, personal observations from gear technologists, port landing samples, or ad hoc discussions with industry sources including fishers and netmakers (ICES, 2006) . Examples of the types of question raised under the different headings in the questionnaire are listed below, and the information from the questionnaires was then collated by a small subgroup within WGFTFB into separate summary documents aimed at and submitted to each of the identified AWGs and other targets within the ICES structure. This questionnaire-based approach has continued as a routine annual exercise since its inception in 2006.
Changes in fleet dynamics
Has there been any geographic or temporal shift in activity, change in gear type, or shift in target species?
What are the principal driving factors for this change (e.g. management measures, effort allocation, fuel costs)?
Has there been any removal of effort through decommissioning schemes, and if so which fleets have been affected and have the removals been older or newer vessels or a combination of both? If so what proportion of the fleet has opted for decommissioning (express as a percentage of the total fleet)?
Have any new vessels entered the fleet?
Technology creep
Have there been any significant changes in the gears used in specific fisheries, and if so what are the changes (e.g. switches from twin-to single-rig trawling, beam trawls to seine nets)?
In which fishery has this occurred, and in what ICES Areas?
Have there been any other technical changes in particular fleets that will have resulted in changes in catching efficiency (e.g. 
Ecosystem effects
Are there any fisheries not previously reported where there are known impacts on non-target species including seabirds and marine mammals, ghost fishing, etc.?
Are there any measures in place to reduce benthic impact?
Are there any mitigation measures in place, and how effective have they been?
Is there any change in discard patterns in the fishery?
Development of new fisheries
Briefly describe any new fisheries developed in the period 2008-2010? Have these new fisheries removed effort from others, and if so is it possible to estimate how much (in terms of numbers of vessels)? 
Results

Recipients of this information
Changes in fleet dynamics
Over recent years, the information gathered under this heading has indicated a general decline in the number of vessels, fishing power, and tonnage within EU fleets and to a lesser extent in Norway, Faroes, and Iceland. This decline is well documented, but the impact and drivers are less well understood. WGFTFB identified a combination of volatile fuel and fish prices as well as reductions in fishing opportunities as being the main drivers. The effect of fuel prices can to some extent be evaluated for its impact on fishing operations. After the sharp increases in 2005 and 2008, prices have stabilized to some degree, although in many countries, fuel is still a driving factor in operational decision-making. Effort has declined in some fisheries in some countries (e.g. Norwegian Pandalus shrimp fisheries) as a direct consequence of increased fuel costs (ICES, 2010a) . In other countries, fleets have altered their operational strategies to minimize fuel costs. For example, French demersal fleets operating in the North Sea and the English Channel have increased the duration of their fishing trips from 2 to 4-5 d to reduce the proportion of time spent steaming to and from port (ICES, 2009) .
In addition, all countries have reported very low prices for many fish and shellfish species in recent years, with indications that prices for some species have dropped by as much as 50% since 2007. For the EU, imports from third world countries and the worldwide recession are the main reasons identified. WGFTFB has documented reduced levels of vessel operation attributable to these low prices, and highlighted cases where effort has been redirected into other fisheries offering better economic returns. For instance, in recent years, .20 Irish trawlers have converted to on-board freezing of Nephrops, having previously fished mixed demersal species, to take advantage of the better prices available for frozen Nephrops than for Nephrops on the fresh market (ICES, 2010a) .
WGFTFB has also documented substantial shifts in the fishing activities of fleets subject to EU effort regulations. Since its introduction, this effort-management system has created difficulties for fleets fishing in areas such as the North Sea, West of Scotland, the Irish Sea, the Baltic Sea, and the Skagerrak/Kattegat. There have been large and widespread changes in effort patterns as fleets react to the new regulations. In 2007, for instance, WGFTFB reported that many Scottish vessels had switched from targeting whitefish (requiring 100 mm or larger-mesh nets) to Nephrops using 80 -99 mm meshes, to take advantage of the extra catching power of the smaller-mesh gear. This included a few very large vessels of engine power 1000 hp or more. Similarly, 20% of the Northern Irish fleet shifted from the Irish Sea to the North Sea because of the less-restrictive quotas and effort allowances in the latter area (ICES, 2007) .
Varying amounts of effort by fleet seem to have been removed through decommissioning programmes (ICES, 2006 (ICES, , 2007 (ICES, , 2008 (ICES, , 2009 (ICES, , 2010a . However, WGFTFB has documented evidence that some of this effort is being reintroduced in some countries through the purchasing of dormant licences. This has led to fishers re-entering the fleets with often newer and more efficient, though smaller, vessels. The impact of decommissioning, therefore, may not be as beneficial as originally anticipated.
Technology creep
WGFTFB found that the effects of technology creep have continued to be evident in many fisheries, although most changes have concentrated on ways of improving fuel efficiency rather than fishing capacity. For example, in Norway, there have been continuing attempts to use pelagic gears to target demersal species such as saithe (Pollachius virens) and cod (Gadus morhua), whereas several countries have conducted demersal fishing experiments with trawl doors that fish off-bottom (Arkley and Caslake, 2004; Jørgensen and Valdermarsen, 2010) .
Although these modifications are driven mainly by the need to reduce fuel consumption, they potentially have added environmental benefits compared with traditional bottom trawling through their reduced seabed contact. Similarly, in the Netherlands and Belgium, there has been notable uptake of new fuel-efficient beam-trawl designs (Taal and Hoefnagel, 2010) , which have been developed following extensive testing both in flume tanks and in full-scale gear trials at sea under commercial fishing conditions. Again, these gear modifications should reduce benthic impacts compared with traditional beam trawls, in addition to lower fuel consumption (ICES, 2008 (ICES, , 2009 .
The concept of negative technology creep has also been highlighted by WGFTFB. In many EU Member States (e.g. Sweden, France, The Netherlands, and Belgium), there has been a shift away from traditional otter or beam trawling to static gears such as gillnets and longlines. This is again driven by the need to reduce fuel costs, and also in some countries, pressures from environmental activists to reduce ecosystem impact (ICES, 2008 (ICES, , 2009 ). Static gears have quite different catch-selection patterns from traditional bottom trawls.
Technical conservation measures
Over the period 2006-2010, WGFTFB consistently reported on the voluntary uptake of gear-based technical measures. The drivers for this were either regulatory (i.e. to maintain or increase fishing opportunities through exemption from effort restrictions) or economic (through improved fish quality achieving higher market prices or meeting the requirements of certification schemes). In the Kattegat, for example, more than 100 Swedish vessels now use sorting grids to release cod in the Nephrops fishery to meet targets under the EU's long-term cod-management plan, hence gaining exemptions from effort restrictions (ICES, 2008 (ICES, , 2009 . Further, beam trawlers in the UK, Belgium, and the Netherlands have reduced the damage to non-target species by using benthic release panels to allow the escape of benthic organisms (ICES, 2007 (ICES, , 2008 , and Spanish longline vessels have adopted voluntary measures to reduce seabird bycatch to attain certification by the Marine Stewardship Council (MSC; ICES, 2010a).
One issue raised by WGFTFB under this heading recently, which highlights how fishers react to changes in technical measures, is the introduction of the OMEGA mesh gauge (ICES, 2005b) . The OMEGA mesh gauge is an electronic instrument that applies a pre-set longitudinal force to the mesh to be measured. Once this force is reached, the exact opening of the gauge is measured automatically (ICES, 2005b) . It was designed to replace the standard wedge gauge used by fishery inspectors in the EU. Several countries have reported problems with the use of this gauge. For instance, in Scotland, because the new gauge consistently measures lower mesh sizes than the previously used wedge gauge, skippers have opted to purchase new codends which are nominally 8 -10 mm larger than the regulation mesh size to ensure that their codends continue to be legal when measured with the OMEGA gauge. This has effectively increased codend selectivity across a large sector of the fleet. WGFTFB felt it important to highlight this issue because it has implications for the selection patterns used in assessment models in that the effective mesh size used by most of the fleet has changed substantially (ICES, 2010a).
Ecosystem effects
The main ecosystem effect noted by WGFTFB has been discarding across a variety of fisheries. There have been many confirmed reports from industry of significant discard issues in specific fisheries, and WGFTFB was able to provided additional information to the AWGs on the scale of discarding and its drivers. For example, WGFTFB highlighted the discarding of cod, haddock (Melanogrammus aeglefinus), and hake (Merluccius merluccius) West of Scotland and in the Celtic Sea as being significant in the years 2008-2010, based on observations made on vessels during gear trials and reports by fishers. This has been driven mainly by quotas being highly restrictive in the third and fourth quarters of the year, leading to fishers discarding to stay within quotas. Lower prices for smaller fish are also cited as a driver in this case, particularly for small hake just above marketable size that have been very abundant but have a low market value. Indications of improvements in the state of stocks have also been highlighted by WGFTFB in several areas based on information from fishers. In particular, hake and megrim (Lepidorhombus spp.) in the Celtic Sea and West of Scotland have been reported as being particularly abundant in recent years, and this has been confirmed by the assessments of these species showing stock increases (ICES, 2010b (ICES, , 2010c . Also, French and Spanish fishers have reported greater abundance of anchovy (Engraulis encrasicolus) in the Bay of Biscay (ICES, 2010a) .
Other ecosystem issues, such as instances of ghost fishing and bycatches of endangered, threatened, and protected species, have been monitored closely by WGFTFB. Both remain problematic, although mitigation measures have been adopted often. Predation of fish catches by grey seals (Phocoena phocoena) from gillnet/tanglenet fisheries has become a particular problem in several areas, and there are instances of inshore fishers shifting to other grounds or fisheries to reduce these encounters (ICES, 2007 (ICES, , 2010a . These issues are well documented, but their scale remains poorly described. WGFTFB has supplied information to the ICES Study Group on Protected Species (SGBYC) on specific bycatch problems, many of which involve small-scale fisheries and are poorly documented, and also reported on the uptake of mitigation measures (ICES, 2009 (ICES, , 2010a .
Development of new fisheries
There are fewer and fewer examples of new fisheries being developed, given that most possibilities are already exploited to some extent, although several instances have been noted. For instance, WGFTFB reported in 2007 that a new fishery had developed in Ireland for boarfish (Capros aper). This fishery developed as a result of the quota for pelagic species becoming overly restrictive. Boarfish were identified by Irish pelagic fishers as having potential to generate additional income, but the fishers also extended their operating time (ICES, 2007 (ICES, , 2008 . Other examples include new fisheries in Iceland for sea cucumber (Stichopus japonicus) and pearlside (Maurolicus muelleri). In both cases, these developments were driven by collapses in other fisheries, those for scallop (Pecten maximus) and capelin (Mallotus villosus), respectively (ICES, 2007 (ICES, , 2009 .
There are also examples where there has been a move to fishing with alternative gears. For instance, there has been a trend in France and the Netherlands to convert to seining (Scottish flydragging) instead of conventional otter or beam trawling. Vessels are now targeting a variety of species including non-quota species such as red mullet (Mullus barbatus), cuttlefish (Sepia officinalis), and John Dory (Zeus faber).
Discussion
The WGFTFB has been collecting this information for 5 years, and in many respects, it has been a successful process. The profile of WGFTFB has been raised significantly, and since the initiative was first implemented, many requests for advice on gear issues channelled through ICES from the European Commission (EC), the North Atlantic Fisheries Organization (NAFO), and national governments have been received and successfully answered by WGFTFB (Figure 1 ). The chair of WGFTFB has been invited to various meetings of Expert Groups and Workshops, including the Working Group on the Assessment of Demersal Stocks in the North Sea and Skagerrak (WGNSSK), Working Group on the Assessment of Mackerel, Horse Mackerel, Sardine and Anchovy (WGHMSA), and the Study Group on Mixed Fisheries Management (SGMIXMAN), and also attends the Annual Meeting of Working Group Chairs (AMAWGC, now called WGCHAIRS). Since 2009, the information provided has been included in the summaries of five stock assessment reports, e.g. WGNSSK, WGCSE, and WGHMM. Information supplied by WGFTFB on changes in fishing technology and fishing patterns, as well as regulations and their effects, is now incorporated in the summary-advice sheets produced annually by ICES, which are an integral part of the assessment process and stimulate Figure 1 . The number of requests received by WGFTFB from ICES and external organizations, such as the EC and NAFO, and the number of meetings and workshops the WGFTFB chair and members were invited to attend. discussions between scientists, managers, and industry. An extract from the 2010 ICES Advice summary sheet for haddock in the North Sea, and Skagerrak (ICES, 2010d) illustrates how the information provided by WGFTFB has been incorporated into advice: "There have been a number of specific changes with the Scottish fleet in 2009. Many vessels have been spending more time (in some cases, the first four months of the year) in Division VIa and Rockall in order to save their more limited North Sea days allocation. Reduced numbers of larger haddock around Shetland have led to some vessels fishing off north-east Scotland instead at certain times. Some vessels have found that reduced haddock quotas combined with increased costs of leasing have diminished their ability to predominantly fish haddock. Reduced whiting quota has led other vessels to focus more specifically on haddock."
It has also been demonstrated that the community of gear technologists has an important role to play in collating and providing fishery information, given that they often have a unique relationship with fishers. From the information collated, WGFTFB has been able to communicate some important effort and technical shifts in fisheries to the AWGs, e.g. the changes associated with the EU cod recovery plans, with many vessels changing from targeting whitefish to Nephrops, allowing smaller mesh sizes, as noted above. The identification of issues such as this has informed managers about deficiencies in technical-measure regulations and shown how fishers have reacted to new measures and to other notable changes, such as sharp rises in fuel costs or volatile fish prices. Conversely, the information gathered has highlighted positive aspects such as the voluntary use of gear-based technical measures to reduce discarding, benthic impacts, or bycatch of protected species. In addition, upturns in stocks as signalled by fishers have been reported; during 2009 and 2010, fishers in several countries reported positive signs in the hake and megrim stocks West of Scotland and in the Celtic Sea.
There have of course been problems. Not all WGFTFB members have been willing to assist in the process, because of concerns that it might result in undesirable changes to the operating procedures of WGFTFB ultimately heading away from its role in gear-technology research to a more fleet-and-fisheries monitoring/assessment function. This was seen initially as very much against the ethos of WGFTFB, meaning that there had to be a change in thinking and working. This has largely been resolved through the development of the questionnaire, which has made the provision of information easier, and participation among WGFTFB members has increased over the years.
It has also been said that the information provided is very much EU-focused and has no relevance to some members, given the large number of countries represented on the WGFTFB. This remains an issue, but in recent years the questionnaire has been circulated to several countries outside the EU, notably Iceland, the Faroes, and Turkey.
It had been envisaged in the early proposals that WGFTFB would participate in different AWG meetings and assist in drafting the sections of the assessment reports dealing with fleet and fishery descriptors as well as ecosystem effects. However, this did not prove feasible owing to a lack of resources, and such participation has been limited. WGFTFB focused instead on providing summary reports to the individual AWGs and dealing with specific requests for advice. A more active role for WGFTFB, however, in updating fleet and fishery descriptors for the AWGs, is still open for discussion.
The information supplied has been criticized by some AWGs because it has tended to be qualitative rather than quantitative, making it of limited use for assessment purposes. To some extent, this criticism has been addressed through evolution of the questionnaire, with WGFTFB members being asked to estimate the characteristics and the number of vessels involved, whether the reported changes can be quantified, for instance in terms of shifts in the 50% retention length (L 50 ), or reductions in bycatch. The intention has always been to signal changes in fleet activities to assessment scientists and to highlight the inefficiencies or unexpected outcomes when new regulations are introduced. Nevertheless, there is a danger that anecdotal information can be misinterpreted or misconstrued, and this is a weakness in the current approach.
At this juncture, there is a need for dialogue between WGFTFB, the AWGs, and ACOM to determine what information is relevant and when it should be delivered. Although there was such dialogue in the initial stages of framing the group's terms of reference, this has not been followed up in recent years. Therefore, it is unclear whether the information is useful and informative, or just anecdotal and superfluous. There is also a danger that information from other sources, including industry, is merely being repeated. The issue of the appropriate forum, structure, and timing for the provision of this information to the AWGs also remains unresolved.
There is also a need for WGFTFB to develop stronger links with industry and with Regional Advisory Councils (RACs). The type of information generated is relevant to similar industry initiatives currently in progress. For instance, the National Federation of Fishermens Organization (NFFO) in the UK produced an Annual Fisheries Report for the first time in 2009; this captured the same type of information for the UK fleet (Trebilcock and de Rozarieux, 2009) .
To conclude, the work of the group has been a very useful exercise and has highlighted the fact that gear technologists have a depth of knowledge of gear extending beyond simple mesh-selectivity experiments. It is hoped, therefore, that this information-gathering exercise will continue and evolve over time to become an integral part of the assessment process, complementing fisher information from other sources. This hope, however, will depend on an appropriate mechanism for delivery of the information at the correct time and in a format suitable for the stock-assessment procedures of ICES.
